(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

i mil iiuifii ii mi Ji mil mil inn mi i if m imi um urn inn in n mi mrio mi nn an 



(19) World Intellectual Property 
Organization 
International Bureau 



(43) Internationa] Publication Date 
24 March 2005 (24.03.2005) 




PCT 



(10) International Publication Number 

WO 2005/026661 Al 



(51) International Patent Classification 7 : G01C 03/00 

(21) International Application Number: 

PCT/US2004/009720 

(22) International Filing Date: 30 March 2004 (30.03.2004) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/501, 149 5 September 2003 (05.09.2003) US 

(71) Applicant (for all designated States except US): BAE 
SYSTEMS INFORMATION AND ELECTRONIC 
SYSTEMS INTEGRATION INC. [US/US]; 65 Spit 
Brook Road, NHQ01-719, Nashua, NH 03061 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): GRASSO, Robert, J. 
[US/US]; 28 Mulberry Lane, Boxford, MA 01921 (US). 



(74) Agent: LONG, Daniel, J.; Bae Systems Information and 
Electronic Systems Integration Inc., 65 Spit Brook Road, 
NHQ01 -7 19, Nashua, NH 0306 1 (US). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, B W, BY, BZ, CA, CH, Cn| 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, Fl! 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, S Y, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (B W, GH 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW)! 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 

/ Continued on next page] 



= (54) Title: METHOD AND APPARATUS FOR DETECTING SUBMARINES 



-34 



SPECKLE 
PATTERN 1 






~38 t 




1 


1 


CROSS 
CORRELATION 




V© 
V© 
v© 

i?5 



o 



20 



20 



Time - 




Track X 



(57) Abstract: A method for detecting, tracking 
and locating submarines (24) utilizes pulsed coherent 
radiation from a laser (12) that is projected down 
through a water column, with particles in the water 
producing speckle from backscatter of the random 
particle distribution, with correlation of two closely 
time-spaced particle-based speckle patterns providing 
an intensity measurement indicative of the presence 
of a submarine. Subsurface submarine movement 
provides a subsurface wake which causes movement 
of particles such that two closely-spaced "snapshots" 
of the returns from particles in the same water column 
can detect particle movement due to the wake. The 
magnitude of the speckle pattern change indicates 
particle movement. In one embodiment, the return 
signals are imaged onto an intensified CCD or APA 
array that capture two successive laser pulses through 
the utilization of dual pixel registered cameras. 
Note that in the subject system, phase information is 
converted to measurable intensity information relating 
to particle motion. 
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